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ABSTRACT
Particle size is a critical quality parameter of food suspensions, influencing their rheological behaviour, overall 
stability as well as sensory perception. Sunflower paste was considered an example for a complex food matrix, 
based on its heterogeneous chemical composition, thus being a representative food model for the oilseed-based 
products. The aim of this paper was to develop a new method to characterize anhydrous food suspensions particle 
size distribution (PSD), by using a representative sunflower tahini sample characterized by a broad particle size 
distribution and coarse appearance. Hexane was selected as bring the appropriate dispersant to measure PSD 
of sunflower kernel paste. After performing a stirrer rate titration, the stirrer speed of 2400 rpm was proposed. 
Measurements stability was assessed, overall trimodal PSD curves were overlapping when performing 15 
consequently determinations during 30 minutes.  The newly developed method is consistent, being confirmed by 
analysing different fractions obtained by sieving.
Keywords: particle size distribution; laser diffraction; anhydrous food suspensions; sunflower kernels; tahini.
INTRODUCTIONThe importance of information on particle-
size analysis in the food industry and allied sector has risen sharply during the last decade 
(Singh et al, 2006). The rheological behavior, 
overall stability as well as sensory perception of 
food suspensions are clearly influenced by their 
particle size distribution, which is considered thus 
an important quality attribute. Laser diffraction 
is now a technique well-accepted within the food 
industry for particle size analysis (Tornberg, 
2017). This is because of its accurate, rapid and 
reproducible measurements, broad particle size range and the versatility to measure different food types, including emulsions, suspensions, and 
dry powders food systems (ISO, 1999; Malvern 
Instruments, 2011a). Moreover, the results are 
reported as mean diameters, as well as histograms 
of sizes. For laser diffraction, the food samples are 
introduced into the equipment sample cell, where the laser light is transmitted through a Fourier 
lens. The measurement is based on the principle that diffraction angle is inversely proportional 
to particle size. For reliable laser diffraction 
particle size measurements, the analysed sample 
is introduced in the sample cell at a suitable 
concentration while containing well dispersed and 
individualized particles. Particle size measurement 
by involving wet dispersion, is the most used 
method for obtaining reproducible results when 
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using laser diffraction. Representative sampling, dispersant selection and measurement settings 
are the important factors that must be considered 
for realistic measurements (Kwak et al. 2009). 
Laser diffraction particle size distribution measurements of anhydrous food suspensions 
have been reported for several food types, including 
chocolate (Tan and Balasubramanian, 2017), 
peanut butter (Tanti et al. 2016) or sesame tahini 
(Çiftçi et al.  2008). In a recent study, (Mureşan et 
al. 2016) considered the sunflower kernel tahini 
an excellent example for a complex food matrix, 
based on the heterogeneous chemical composition 
of sunflower kernel: 20.4-40% protein, 47-65% 
lipids, 4-10% carbohydrates (González-Pérez, and 
Vereijken, 2007). To the best of our knowledge, 
for a similar oleaginous seed paste (sesame 
tahini), several techniques used to characterize 
the particle size distribution were reported to 
the present, including sedimentation (Lindner 
and Kinsella, 1991) sieving (Altay, and Ak, 2005) 
and laser diffraction (Çiftçi et al. 2008). However, 
when comparing measurements for a food type or a sample, it is compulsory to use the same 
technique, while each characterization technique 
measures a different particle property (maximum 
or minimum length, specific weight, volume, 
surface, etc.) and therefore will provide a different 
result from another technique which determines 
an alternative dimension. Nevertheless, each 
technique is considered correct in relation with 
the measured property.
Consequently, taking into consideration the 
opportunity of applying sunflower kernel paste as 
a representative food model for the oilseed-based 
products category, the aim of this paper was to 
develop a new wet method for laser diffraction 
measurement in order to characterize anhydrous 
food suspensions particle size distribution by 
using sunflower kernel paste as an example. Firstly, 
monitoring particle size distribution of sunflower 
kernel paste during manufacturing process will 
become a must, with regards to consumers more 
and more exigent expectations for higher quality 
products and monitored finesse. Secondly, the 
new developed method will be useful for quality assessment of similar products, including other 
tahini types (e.g., almond, pistachio, pumpkin, etc.) 
or similar products (e.g., peanut butter, hazelnut 
paste, cocoa liquor, etc.). 
MATERIALS AND METHODS
Sunflower tahini preparation 
The roasted sunflower kernels used 
throughout this work were obtained by Feleacul 
Plant Cluj-Napoca (S.C. AMYLON S.A., Sibiu, 
Romania) from an industrial mix of sunflower 
kernels, as reviewed in detail by Mureşan et al. 
(2013). Sunflower tahini samples were produced according to Mureşan et al. (2014) by controlling 
the roasted sunflower kernel milling. One 
representative sunflower tahini (RST) sample 
characterized by a broad particle size distribution 
and coarse appearance was obtained by a single 
pass through the mill, while the fine sunflower 
tahini (FST) sample was obtained by eight passes 
through the colloidal mill (Microcut MCV 12B, 
Stephan Machinery GmbH, Hameln, Germany). 
The eight passes through the mill were selected as 
the optimal process for the fine sample, based on 
preliminary studies, while after this high milling 
degree no particle size reduction was noticed.
Laser diffraction measurements
For measuring the particle size distribution of 
RST and FST samples by wet dispersion, the laser 
diffraction instrument Malvern Mastersizer 2000 
(Malvern Instruments, Malvern, UK) connected to 
the sample handling unit Hydro 2000S (Malvern 
Instruments) was used. The sample (~20 mg) 
was transferred to the sample unit and dispersed 
either in sunflower oil (Colruyt, Belgium), hexane 
(VWR International, Leuven, Belgium) or hot 
distilled water (45-50°C). The dispersed sample 
passes through the beam of a laser. A photo-diode 
array with 52 light sensors was measuring the 
light scattered by the particles. Mie theory was 
applied for analysing the scattering pattern, with 
the refractive indices of sunflower oil, hexane, hot 
water and sunflower tahini particles of 1.46, 1.38, 
1.33 and 1.47, respectively. Ultrasound treatment 
was not applied during method development as 
natural state and/or size of particles is of interest 
and not the primary particles size. Natural state 
and/or size of particles in a suspension is important 
when stability and rheological measurements are 
concerned. However, the effect of ultrasounds was 
assessed on a sample from fraction >50µm obtained 
by sieving, by applying a powerless ultrasound 
treatment (1 minute, 50% of power) directly in the 
Hydro 2000S unit (Malvern Instruments, Malvern, 
UK). The software Mastersizer 2000 version 
5.22 was used. Results are provided as a volume 
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frequency compared with particle size curve and 
characteristic diameters and parameters: D(4.3) 
which is volume weighted mean; specific surface 
area; D(3.2) - surface weighted mean; D(0.1), 
D(0.5) and D(0.9) which are the volume-based 
diameters below which 10, 50, respectively 90% 
of the particles are undersize (Anihouvi et al. 
2013). For each dispersant three repetitions were 
done. For the assessment of the measurements 
stability, 15 consequently repetitions were taken 
during 30 minutes. In order to better optimize the 
volume of work during method development some 
measurements settings were judicious selected 
as defaults: 15000 snaps performed for each 
measurement, the obscuration was always set at 
10% and no ultrasound treatment was applied. The optimum measurement time depends on the 
size of the sample, its particle size distribution and 
the dispersion accessory used. If a sample presents 
only a mode (i.e., monomodal distribution), 
its essential particle size characteristics are 
measured in fewer snaps than a sample having 
a broad particle size distribution. This means 
that the broad particle distribution’s sample 
needs to be measured longer to ensure that the 
coarser particles have been properly represented. 
Sufficient time should also be allowed for a coarse 
particle in the dispersion accessory to be taken 
up by the pump and stirrer and pass through the 
flow cell. Taking into account the above mentioned 
principles and sunflower tahini samples specificity 
– broad distribution and relatively small amount 
of sample ~20mg – the selected measurement 
time of 15 seconds corresponding to 15000 snaps 
was reasonable.Regarding the sample concentration, the ideal 
sample for laser-diffraction have to be optimum 
concentrated for providing a stable scattering, 
as well as dilute enough to avoid multiple 
scattering issues (Virden, 2010). According to 
Malvern Application Note MRK 561-01 (Malvern 
Instruments, 2011b), fine particles measurements 
(<10µm) requires no more than 10% obscuration 
while for coarser materials measurement 
obscuration of up to 20% can be used in order to 
maximize the signal to noise ratio. For sunflower 
tahini as it has a broad distribution (<1µm → 
1000µm) an obscuration of ~10% is reasonable. 
This obscuration corresponds to approximately 
20mg of sample. Lower obscuration leads to 
impossibilities of sampling (<20mg of sample) 
while for higher obscuration multiple scattering 
occurred.
Representative sampling
In particle size analysis a great challenge is 
to obtain a representative sample from a larger 
bulk. Sampling issues generate the major errors in 
laser diffraction analysis, when the specification 
is based on size parameters close to the particles 
distributions extremes, or when assessing large 
particles. This could be explained by the laser 
diffraction method specificity – a volume-based 
technique which is very sensitive to the changes 
of the coarse particles amount within a sample 
(Virden, 2010). In the present work, we were 
aware that with a small volume unit, we may only 
be using a small volume of dispersant and thus we 
could never load the amounts of material required 
for adequate sampling into the unit especially if 
the sample has such polydispersity (submicron 
sizes to 1 mm). Not following the requirements 
for adequate sample mass either leads to lack of 
repeatability (consecutive measurements – the 
small number of large particles is not integrated 
a sufficient number of times or the larger particles 
are only occasionally “kicked” through the laser 
beam) and poor reproducibility (sub-sample to 
sub-sample variation based on heterogeneity 
of the sample). Thus, the effect of sampling on 
repeatability and reproducibility is increasing 
with particle size and the distribution width, 
as the volume of sample required to ensure representative sampling of the coarse particle 
fraction increases. 
Prior to each measurement, the sample 
(125ml plastic beaker) was mixed vigorously in 
order to homogenize the suspension. We were 
aware that it is virtual impossible that the system 
is homogenous from a particle size point-of-view. If every particle in the system is identical then 
we would only need to remove one particle for it 
to be representative of the whole. In reality this 
will never be the case. We agreed with Rawle 
(2011) which stated that batch homogeneity is an 
oxymoron for a distribution. As readily achievable, 
spoon sampling was selected, extreme care being 
taken when sampling ~ 20 mg of material.
RESULTS AND DISCUSSIONS 
Dispersant selection
As sunflower tahini matrix is a high concentra-ted suspension, it is necessary to disperse it, 
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in order to individualize each particle; thus 
selection of an appropriate dispersant is a need. 
The purpose of this part was to select the suitable 
dispersant for sunflower kernel paste and related 
samples. As the continuous phase in tahini was 
considered to be oil (Damir, 1984) first option for 
a candidate dispersant was sunflower oil.  Hexane 
was previously used as dispersant for the particle 
size characterization of sesame tahini (Lindner 
and Kinsella, 1991; Altay, and Ak, 2005; Çiftçi et al. 
2008; Akyurt et al. 2010). Hexane wet the particles 
being measured, ensuring a well dispersion and did not dissolve the sesame particles 
during the measurement. Thus, hexane might 
by another candidate dispersant for sunflower 
tahini. The laser diffraction equipment producer recommends in Sample dispersion & refractive 
index guide Application note MAN 0079 (Malvern 
Instruments, 1997), hot distilled water as suitable 
to disperse marzipan. In order to avoid the use 
of dangerous and/or expensive dispersants (e.g., 
hexane, sunflower oil) and water being readily 
available, we included also hot distilled water as 
a candidate for dispersing RST. Sunflower tahini 
seems to be a relatively close matrix to marzipan, 
both being oleaginous seed pastes. Figure 1 
shows the particle size distribution of RST sample 
dispersed either in sunflower oil, hexane and hot 
distilled water. 
For all measurements except the ones where 
sunflower oil was used as dispersant the weighted 
residual values were under 1% indicating a good 
fit. Weighted residual is an indication of how well 
the calculated data was fitted to the measurement 
data. The measurements where sunflower oil was 
used as dispersant had weighted residual values 
between 2.308 – 2.392%. A residual of over 1% 
may indicate an issue regarding refractive indexes 
for the sample and/or dispersant. The dispersant 
must have a refractive index different by the measured particles, “as it is the refractive index 
difference which defines the intensity of scattering 
observed”, as specified on Malvern Application 
Note MRK 561-01 (Malvern Instruments, 2011b). 
Figure 1. Particle size distribution of representative sunflower tahini (RST) sample dispersed in (A) sunflower 
oil (so), (B) hot water (hw), (C) hexane (h), and (D) the overlap of measurements using  hot water and hexane as 
dispersants. Different repetitions are labelled from r1 to r3.
MUREŞAN
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We conclude that the refractive index difference 
between sunflower paste particles (1.476) and 
sunflower oil (1.469) was not sufficient to obtain 
accurate results, as can be observed in Figure 
1A. For sample RST particles around 1mm are 
visually distinguishable. This is contradictory 
with the particle size distribution measured using 
sunflower oil as dispersant where no particles 
around 1 mm are reported, thus confirming that 
using sunflower oil as dispersant for sunflower 
tahini cause unrealistic results of sunflower tahini 
particle size distribution by laser diffraction. 
Regarding the measurements where either hot 
distilled water or hexane was used as dispersant, 
a trimodal particle size distribution of sunflower 
tahini is observed. When hexane was used as 
dispersant the particle size distribution reflected 
three distinct and well defined populations 
(Figure 1C), one between 0.2 – 2 µm, the middle 
population between 2 – 60 µm and the largest 
particle population between 60 – 1300 µm. In the 
case of hot distilled water dispersant the smallest 
particle size population was shifted to right being 
partially overlapped with the median population. 
Median population was spread between 20 – 200 
µm and the largest particles class was undefined 
in the upper sizes revealing particles up to 2000 
µm. Malvern Mastersizer 2000 laser diffraction 
equipment has its upper range at 2000 µm. When 
particles larger than 2000 µm were detected, the 
shape of the distribution was sharply interrupted 
at this size, same as observed in the hot water 
dispersant case in the 2000 µm region (Figure 
1B). This indicates that particles with sizes larger 
than 2000 µm were present in the sample. This 
could not be the case of sample RST which was 
milled using 1 mm cutting ring causing hence 
contradiction. We assumed that hot distilled water, 
due to its high polarity doesn’t disperse well all 
particles which are surrounded by a non-polar 
media (oil) causing agglomerates, thus reporting 
higher sizes compared with the results obtained 
for hexane (non-polar) dispersion - overall shift to 
right (Figure 1 D). Actually, hot water did not wet 
each sunflower tahini particle because water and 
oil are immiscible even at higher temperatures. It 
is just a decrease of oil phase viscosity caused by 
the temperature which creates an impression of 
miscibility. Moreover, the measurement using hot 
distilled water as dispersant lacked repeatability 
probably due to the same reasons. 
During the method development, it was 
important to consider how the dispersion unit 
settings affected the measured particle size. 
Particle size distribution characteristics by 
changing the stirrer speed
The objective of the stirrer is to keep a homogeneously dispersed suspension of particles in the measurement unit and then to transport 
all the sizes of particles through the flow cell for 
measurement. Particles which are large and have 
densities well above the density of the suspending 
fluid must be kept flowing through the tubing 
and flow cell assembly at a velocity high enough 
to prevent the largest particles from settling out. It is also necessary that the largest particles are 
moving through the flow cell at approximately the same speed as smaller particles in order that 
the effects of velocity bias do not influence the 
final result. Both the actions of the pump and the 
stirrer subject the suspension to the influence of 
shear stress. In general the larger and denser the 
particles the higher the stirrer speed need to be 
(Malvern Instruments, 2011b; Application Note 
MRK 561-01). Optimization of the stirrer rate for 
the measurement of sunflower tahini dispersed in 
hexane was achieved by assessing the particle size 
changes, as the pump speed was increased. The 
stirrer rate titration obtained for sunflower tahini 
sample RST is presented in Figures 2A and B. We 
were aware that distribution is more important 
than mean particle size and if more than one peak 
was identified, a mean value should not be used 
(Lima et al., 2000). Since nearly all histograms 
had similar multimodal distributions, to better 
highlight the influence of stirrer rate, volume 
weighted mean D(4.3) and the volume-based 
diameters D(0.9) and D(0.5) were used. Stirrer 
speeds from 500 to 2750 rpm were applied and 
3 measurements were performed for each stirrer 
rate.
As can be observed in Figures 2A and B, at 
low stirrer speed, the reported particle sizes were 
very high as the pump rate was not fast enough 
to suspend all small particles which gathered 
in the lower part of hose connection joint at the 
entrance in the measurement area. It has to be 
stated that small particles were observed blocked 
in that region at stirrer speeds of 500, 1000 and 
1500 rpm, influencing thus the reported results by 
revealing higher sizes. At higher pump rates (1750 
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Figure 2. Particle size distribution characteristics of representative sunflower tahini 
sample by changing the Stirrer Speed: (A) Volume weighted mean D(4.3), and (B) 
Particle size diameters D(0.5), and D(0.9)
Figure 3. Variations of representative sunflower tahini sample particle size 
distribution mean parameters (D(0.9), D(0.5), and D(4.3)) for 15 consequently 
measurements taken during 30 minutes
Figure 4. Particles size distributions curves for 15 consequently measurements 
taken during 30 minutes (Note: M1 – Time 0 → M15 – Time 30min)
MUREŞAN
7 Bulletin UASVM Food Science and Technology 75(1) / 2018
– 2750 rpm) the reported particle size reached a 
plateau value where the particle size remained 
constant (Figures 2A and B). For further analysis 
a stirrer speed of 2400 rpm was selected as it 
was showed above that at this stirrer speed range 
there are no influences on the reported particles 
size distribution for sunflower tahini using hexane 
as dispersant. 
The stability of particle size distribution laser 
diffraction assessment during measurement time
In order to determine whether sunflower 
tahini laser diffraction measurement is stable 
over the period of analysis and is not subjected 
to agglomeration or dissolution, the particle size 
distribution at known time points was monitored. 
An analysis was performed in accordance with the already selected settings – sample RST dispersed 
in hexane, stirrer speed of 2400 rpm, 15000 
snaps and 10% obscuration – 15 consequently 
measurements being taken during 30 minutes. As 
shown in Figure 3 there are variations between 
reported mean values D(0.9), D(0.5) and D(4.3) 
which follows a saw tooth pattern, but the overall 
trimodal particle size distributions curves are 
almost overlapping (Figure 4). 
Not following the requirements for adequate 
sample mass leads to lack of repeatability. This means that, in consecutive measurements, the 
small number of large particles is not integrated a 
sufficient number of times and the larger particles are passing only occasionally through the laser 
beam. Rawle (2011) reported that to specify the 
D(0.995) point in a distribution to a standard 
error of 1%, from a sample with the top end size 
(largest size) of 1000 µm and a density of 2.5 g/cm3 the minimum mass required in order to ensure 
a representative sample is over 1 kg of material. 
The same author show that for a sample with the 
top end size of 500 µm and the density of 1.5 g/cm3, taking 20 mg of material for particle size 
analysis will generate a standard error of about 
70%. Consequently, as sunflower tahini samples 
show a broad distribution from submicron sizes 
up to 1 mm and, sampling for each particle size 
measurement ~ 20 mg of sunflower tahini with 
the density of solid particles of tahini (1.34 g/cm3) , similarly to Rawle (2011) large acceptable 
specifications might be expected.
Table 1 presents main particle size parame-
ters mean values with corresponding standard 
deviations and coefficients of variations for 
15 consequently measurements. According to 
ISO 13320 (ISO, 1999) recommendations, for 
samples showing the ratio of diameter of largest 
to smallest particle of about 10:1, deviations of 
3% for the D(0.5), respectively 5% for the D(0.1) 
and D(0.9) are accepted. As for sunflower tahini 
smallest particle is in submicron size (~0.5µm) 
and the largest has ~1000 µm, the ratio (~2000:1) 
becomes considerable higher thus we assumed the 
higher coefficients of variations obtained (Table 
1). 
Sunflower tahini particle size laser diffraction 
measurements coherence
The objective of this section was to prove 
that the particle size distribution of sunflower 
tahini measured in the above mentioned 
conditions are consistent. Sunflower tahini 
particles corresponding to the sample FST were 
washed with hexane (VWR International, Leuven, 
Belgium) and separated in two fractions by a 50 
µm sieve using the sieve shaker Fritsch Analysette 
3PRO (Fritsch, Idar-Oberstein, Germany). Sieve 
shaker parameters were: sieving time 20 minutes, 
amplitude 2.5 mm and interval time 10 s. The two 
fractions were measured by laser diffraction and 
the histograms obtained are presented in Figure 5. 
There were coherent results reported for 
each fraction (Figure 5A and B). However, few 
particles larger than 50µm were reported by laser 
Table 1. Particle size distribution - mean values of 15 consequently measurements taken during 30 minutes
D (4, 3) D (0.5) D (0.9)
Mean [µm] 184.67 56.62 532.96Standard deviation 13.98 9.63 35.01
Coefficient of variation [%] 7.57 17.01 6.57
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diffraction measurement for fraction smaller than 
50µm (F<50µm). Thus, it was concluded that the 
recorded results might be explained by the rod-
like particles which presents 2 very different 
dimensions – a very high length and a tiny section; 
consequently, the rod-like particles pass the 50µm 
sieve aperture because of the tiny dimension, while 
appear larger in laser diffraction measurements 
due to their length. There was a good overall 
agreement between the F<50µm, F>50µm and the 
“mother” sample FST (Figure 5 D), thus proving 
that particle sizes results obtained for sunflower 
tahini by laser diffraction are coherent.
Figure 5. Particle size distribution of fraction F<50µm (A), fraction F>50µm (B), 
fine sunflower tahini (FST) sample (C) and the overlapping of the F<50µm, F>50µm and FST sample (D)
Figure 6.  Particle size distributions of sample F>50µm with and without ultrasonication
MUREŞAN
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The effect of ultrasonication on reported 
particle size distribution
Figure 6 presents the particle size distributions 
of sample F>50µm (fraction larger than 50µm 
obtained by sieving) with and without ultrasound 
pre-treatment, in order to better emphasising the 
effect of the ultrasound treatment.
When ultrasounds are applied, particle sizes 
smaller than 50µm are reported (Figure 6). This is 
in contradiction with the fact that sample F>50 µm 
has particles larger than 50 µm as it was obtained 
by sieving and confirmed by laser diffraction 
measurement without any ultrasound treatment. 
 CONCLUSIONSThe appropriate dispersant to measure 
particle size distribution of sunflower kernel 
paste by laser diffraction was selected: after 
testing sunflower oil, hexane and hot water, based 
on the results presented above, it was concluded 
that hexane was suitable to be used as an optimal 
dispersant for sunflower tahini. The trial of 
using sunflower oil or water as dispersants for 
sunflower tahini in order to replace hexane was 
motivated by the cost, danger and environment 
issues of the last mentioned dispersant. However, 
using sunflower oil was not successful due to its 
close to the measured sample refractive index 
value, while hot distilled water presented a very 
low ability to correctly disperse all particles in the 
measuring media.
After performing a stirrer rate titration from 
500 to 2750rpm, the stirrer speed of 2400 rpm 
was selected, as it was showed that below this 
variations occurred, while above no influences 
arose on the reported particles size distribution 
using hexane as dispersant.
Variations between reported mean values 
D(0.9), D(0.5) and D(4.3) which follows a saw 
tooth pattern, were obtained when analysing 
RST sample dispersed in hexane, stirrer speed of 
2400 rpm, 15000 snaps and 10% obscuration – 15 
consequently measurements being taken during 
30 minutes.  However, it was shown that the 
overall trimodal particle size distributions curves 
were almost overlapping. 
The particle sizes distribution results recorded 
for sunflower tahini by the laser diffraction 
method newly developed here, are consistent, 
being confirmed by analysing different fractions 
obtained by sieving (i.e., F<50µm, F>50µm).
It was concluded that applying ultrasonication 
for a dispersion of sunflower tahini in hexane 
prior to particle size analysis produce unrealistic results, the ultrasound treatment having a milling 
effect, as demonstrated by analysing the particle 
size distributions of sample F>50µm with and 
without ultrasound pre-treatment. 
This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors.
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